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-  INTRODUCTION  - 

Remote  sensing  data  provides  the  primary  source  of  wetland  inven¬ 
tory  infc  'mation  for  application  by  various  management  or  regulatory 
agencies.  High  altitude  color  infrared  aerial  photographs  and 
Landsat  derived  products  are  the  systems  commonly  applied  for  inven¬ 
tories  of  large  areas.  Vegetation  types  and  detectable  hydrological 
phenomena  interpreted  from  such  data  provide  the  basis  for  identifi¬ 
cation  of  wetlands  and  their  boundaries.  Capabilities  of  the  Land- 
sat  system  have  been  demonstrated  by  LaPerriere  and  Morrow  (1978) 
and  Rundquist  and  Turner  (1980)  in  wetland  inventories  in  Alaska 
and  the  Northern  Great  Plains  respectively.  Nyc  and  Brooks  (1979) 
and  Montanari  and  Wilen  (1978)  describe  techniques  being  used  in  the 
application  of  high  altitude  color  infrared  to  the  National  Wetland 
Inventory  Project. 

With  the  production  of  remotely  sensed  wetland  maps,  various 
questions  have  been  raised  in  regards  to  the  accuracy  of  the  wetlands 
delineated.  These  questions  not  only  center  around  the  resolution 
capabilities  of  a  particular  system,  but  also  the  expressed  level  of 
detail  needed  by  legislative,  regulatory,  or  management  requirements 
in  the  user  community.  Various  authors  have  addressed  accuracy  not 
only  within  a  remote  sensing  system,  but  also  in  a  comparison  of 
different  systems  with  known  ground  truth.  Computer  manipulation  of 
digital  data,  data  stratification,  correction  factors  derived  from 
satellite/aircraft  double  samples,  layered  classifiers,  and  multi¬ 
temporal  analysis  have  all  been  investigated.  (Carter,  Malone  and 
Burbank,  1979;  Gilmer,  Colwell  and  Work,  1978;  LaPerriere  and 
Morrow,  1978;  Owens  and  Meyer,  1978;  Werth  and  Meyer,  1979). 


Delineation  problems  exist  not  only  from  a  remote  sensing  stand¬ 
point,  buv.  also  from  the  perspective  of  delineating  boundaries  in 
the  field  within  the  context  of  the  Corps'  wetland  definition.  Most 
wetlands  are  bounded  by  a  transitional  area  in  which  the  wetland 
community  grades  to  a  mesophytic  or  xerophytic  community.  Other 
types  of  areas,  such  as  seasonally  flooded  or  meadow  habitats,  may 
or  may  not  exhibit  this  gradation,  rendering  the  questions  to  not 
only  that  of  delineation,  but  also  applicability  as  to  wetland  status. 
Criteria  for  delineating  wetland  boundaries  or  determining  wetland 
status  is  not  set  forth  in  the  Corps  of  Engineers  permit  regulations. 

Within  the  context  of  these  problems  of  accuracy  and  the  lack 
of  methodology  for  determining  wetland  boundaries  and  status,  this 
study  will  apply  remote  sensing  and  field  investigative  techniques  to 
wetland  delineation  and  evaluation  in  the  Sandhills  of  Nebraska. 
Accuracy  of  Landsat  wetland  mapping,  currently  in  use  by  the  Omaha 
District,  will  be  addressed  by  comparisons  with  color  infrared 
photography  for  an  approximately  120  square  mile  area.  Further 
analysis  involves  the  delineation  of  a  selected  wetland  community  for 
comparisons  with  its  depiction  from  remotely  sensed  data.  Additional 
goals  of  this  study  are  to  analyze  temporal  change  and  determine  if 
subirrigated  meadows^  can  be  properly  classified  as  wetlands  by 
virtue  of  their  species  composition  or  by  comparisons  with  a  known 
wetland  community.  For  the  purposes  of  this  study,  wetlands  will  be 
defined  according  to  the  Corps  of  Engineers  permit  regulations 

^Subirrigated  meadows  are  defined  as  areas  where  the  root  zone  is  in 
contact  with  the  water  table. 
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(33  CFR  323.2):  "those  areas  that  are  inundated  or  saturated  by  sur¬ 
face  or  groundwater  at  a  frequency  and  duration  sufficient  to  support 
and  unde-  normal  circumstances  do  support,  a  prevalence  of  vegetation 
typically  adapted  for  life  in  saturated  soil  conditions." 

The  Sandhills  region  of  North  Central  Nebraska  is  the  largest  con¬ 
tinuous  area  of  sand-dune  formation  in  the  United  States,  consisting 
of  approximately  20,000  square  miles.  Formed  on  a  broad,  sloping 
plain  ranging  from  an  elevation  of  approximately  4,000  feet  at  its 
western  margin  to  2,000  feet  at  the  east,  the  Sandhills  are  believed 
to  have  been  formed  by  major  wind  action  during  the  early  Wisconsinian 
glacial  period.  These  dunes,  laying  over  several  layers  of  permeable 
rocks  and  clays,  were  later  stabilized  through  climatic  changes  and 
the  establishment  of  vegetation. 

This  vegetation,  consisting  predominantly  of  grasses,  has  received 
considerable  attention  and  has  been  inventoried  by  a  number  of  inves¬ 
tigators  (Smith,  1892;  Rydberg,  1895;  Pool,  1914;  Tolstead,  1942). 
Though  several  additional  studies  have  emphasized  vegetative  composi¬ 
tion  relationships  to  the  hay  production/cattle  grazing  industry 
(Frolik  and  Keim,  1933;  Frolik  and  Shepherd,  1940;  Brinegar  and  Keim, 
1942;  Bragg,  1978),  little  quantitative  work  has  been  done  concerning 
transition  zones  between  xeric-mesophytic-hydrophytic  plant  communi¬ 
ties  . 

Rydberg  (1895)  recognized  differences  in  sandhill  plant  communi¬ 
ties  by  describing  wet  valley  and  dry  valley  associations.  Pool 
(1914),  however,  appeared  to  be  the  first  investigator  to  not  only 
recognize  such  differences,  but  properly  attribute  this  distribution 
of  species  to  differences  in  soil  moisture  and  their  proximity  to  the 


water  table.  Based  partially  on  soil  moisture  content  and  duration, 
Pool  desciibed  three  distinct  plant  formations  of  sandhill  lowlands 
(water-pl  nt ,  marsh,  and  meadow)  and  ten  sub- formations  differentiated 
by  dominant  plants  present.  More  specifically,  Frolik  and  Keim  (1933) 
outlined  three  grass  associations  in  a  study  exemplifying  variation  in 
yield  of  native  prairie  hay  as  affected  by  depth  of  the  ground-water 
table.  Similarly,  Tolstead  (1942)  described  three  zones  of  mesophytic 
tall  grasses  occurring  in  wet  meadow  regions  based  on  the  depth  and 
permanence  of  the  underground  water  table.  Additionally,  zonation 
within  wetland  areas  was  noted,  though  not  quantified.  Brinegar  and 
Keim  (1942)  also  noted  a  natural  change  in  dominant  grass  species  as 
one  moved  from  lake  edges  to  dry,  upland  sandhills. 

None  of  these  plant  association/classification  systems,  however, 
would  be  adequate  in  delineating  wetland  from  non-wetland  areas  or  in 
determining  the  wetland  status  of  subirrigated  or  wet  meadows. 

Change  in  Sandhill  vegetative  communities  has  been  documented  by 
various  investigators.  Pool  (1914)  indicated  that  climate  may  deter¬ 
mine  the  relative  abundance  of  species  for  different  years.  Tolstead 
(1942)  discussed  changes  in  hydric  species  composition,  species  domi¬ 
nants,  and  the  invasion  by  mesic  grasses  throughout  the  meadow  of 
Dewey  Lake  for  a  4-year  period  as  a  result  of  drought  and  depletion 
of  groundwater.  The  reduction  of  emergent  aquatics  accompanying  high 
water  was  noted  by  Sather  (1958)  in  his  investigation  of  muskrat  popu¬ 
lations  in  the  Sandhills.  For  a  3-year  period  from  1949  to  1951,  Rice 
Lake  increased  from  33  to  51  acres  with  the  emergent  plant  communities 
practically  eliminated.  However,  little  quantitative  work  has  been 
done  to  document  changes  within  a  growing  season  for  Sandhill  wetland 
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communities . 

A  previous  remote  sensing  investigation  of  wetlands  in  the  Sandhills 
was  conducted  by  Seevers  et.  al.  (1974).  The  information  was  obtained 
from  Landsat  visual  imagery.  Wetlands  ten  acres  or  larger  were  delin¬ 
eated  on  U.S.  Geological  Survey  topographic  maps  at  a  scale  of 
1:250,000.  Wetlands  were  categorized  into  four  classes;  open  water, 
marsh,  subirrigated  meadows  and  seasonally  flooded  basins.  A  more 
recent  investigation  involves  that  by  Rundquist  and  Linden  (1979). 
Selected  areas  of  the  Sandhills  were  evaluated  with  Landsat  digital 
data  and  supplemented  by  medium  and  large  scale  color  infrared.  Capa¬ 
bilities  of  the  Landsat  system  were  demonstrated  for  identifying,  map¬ 
ping  and  evaluating  temporal  change  in  wetlands.  An  additional  inven¬ 
tory  of  wetlands  in  the  Sandhills  is  currently  being  undertaken  as  part 
of  the  National  Wetland  Inventory  Project  using  the  classification 
system  described  by  Cowardin  et.  al.  (1979). 

More  pertinent  to  this  study  is  the  work  of  McMurtrey  et.  al. 

(1972)  in  their  survey  of  wetland  areas  in  Nebraska.  Basic  data  was 
acquired  from  interpretation  of  black  and  white  Soil  Conservation 
Service  photographs  supplemented  by  extensive  ground  data.  This  study 
specifically  excluded  the  extensive  acreages  of  wet  meadows  in  the 
Sandhills,  though  such  areas  had  been  recognized  as  Type  II  wetlands 
(classification  system.  Circular  39,  Shaw  and  Fredine,  1956).  The 
survey  concluded  that  determining  those  portions  of  the  meadows  wet 
enough  to  be  acknowledged  as  wetlands  would  be  "impractical." 


) 
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-  MATERIALS  AND  METHODS  - 

The  Study  Sites  - 

The  s . udy  was  conducted  at  the  Valentine  National  Wildlife  Refuge 
located  in  the  Nebraska  Sandhills.  The  approximately  70,000  acres  of 
the  Refuge  is  characterized  largely  as  undulating  sand  dunes  inter¬ 
spersed  with  lakes,  wetlands,  subirrigated  meadows  and  dry  valley 
complexes.  Specific  study  sites  are  defined  at  two  levels.  Two  7.5 
minute  orthoquads,  Simeon  SE  and  SW,  constitute  the  boundaries  of  the 
study  area  used  for  the  evaluation  of  Landsat  accuracy.  Within  these 
orthoquads,  the  wetland  community  of  Rice  Lake  and  the  subirrigated 
meadows  of  Little  Hay  Valley  and  Watts  Lake  served  as  areas  of  inten¬ 
sive  field  work  (Figure  1). 


Remote  Sensing  Systems  - 

Inforration  from  the  Landsat  3  satellite  was  utilized  for  the  study 
area.  La  idsat  platforms  contain  two  primary  sensing  systems,  the 
Return  Beam  Vidicon  (RBV)  and  the  Multispectral  Scanner  (MSS) .  This 
research  focuses  on  the  digital  data  gathered  by  the  MSS. 

Data  from  the  Landsat  MSS  sensor  is  recorded  and  then  transmitted 
to  earth  receiving  stations.  This  data  is  then  electronically  trans¬ 
formed  into  a  photo- like  image  format  and  into  computer  compatible 
tapes  (CCT's).  The  CCT's  contain  the  digital  data  in  a  form  capable 
of  computer  processing  and  analysis.  Reflected  solar  energy  received 
by  the  MSS  sensor  is  recorded  in  four  wave  length  bands  of  the  electro¬ 
magnetic  spectrum,  designated  Bands  4,  5,  6,  and  7. 

Individual  Landsat  scenes  produced  by  the  MSS  sensor  and  contained 
on  the  CCT's  are  185  x  185  km  (115  x  115  statute  miles)  in  area.  Each 
scene  is  composed  of  approximately  10.5  million  picture  elements  per 
band.  Each  picture  element,  termed  a  pixel,  is  treated  spatially  as 
an  area  57  x  57  m  (approximately  .8081  acre).  A  discrete  reflectance 
value  is  assigned  to  each  pixel  based  upon  terrain  features,  atmos¬ 
pheric  elements,  and  ground  cover.  This  reflectance  value  is  related 
to  the  spectral  sensitivity  of  the  MSS  band  in  use.  In  the  final 
format,  CCT  Bands  4,  5,  and  6  have  128  discrete  reflectance  levels 
and  Band  7  has  64  levels. 

The  September  Landsat  scene  was  acquired  to  correspond  as  closely 
as  possible  to  the  September  date  of  the  color  infrared  aerial 
photography  and  to  the  late  August  vegetation  field  study.  The 
digital  data  contained  on  the  CCT  is  nominally  at  a  scale  of 
1:24,000,  corresponding  to  that  of  the  orthophoto  quads  used  in  this 
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evaluation.  Computer  processing  was  accomplished  by  single  band  level 
thresholding  of  the  reflectance  data.  The  thresholding  was  accom¬ 
plished  v  th  the  use  of  the  UNO-RSAL  "Looklot"  program.  The  detection 

* 

of  wetlands  and  their  classification  was  based  upon  comparisons  of  the 
reflectance  values  of  wetlands  in  specific  locations  with  known  ground 
truth  information  (CIR  photos,  preexisting  maps,  etc.)  Once  the 
thresholds  for  both  Bands  5  and  7  were  established,  two  band  parallel¬ 
epiped  classification  was  utilized  for  the  actual  mapping  of  the  study 
area  (Bussom  and  Rundquist,  1978;  Work  and  Gilmer,  1976). 

Nine  by  Nine  inch  color  infrared  was  flown  over  the  study  area 
September  14  at  a  resulting  scale  of  1:24,000.  A  35  mm  color  infrared 
underflight  was  accomplished  concurrently  with  June  and  August  field¬ 
work  for  Rice  Lake  and  the  subirrigated  meadow  study  sites.  Flight¬ 
lines  between  these  sites  were  established  and  photographs  taken  at 
selected  intervals  between  500  feet  and  10,000  feet  above  ground  level 
following  procedures  discussed  by  Meyer  and  Grumstrup  (1978) . 
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Remote  Sensing  Analysis  - 

Each  of  the  two  quadrangle  overlay  maps  produced  from  the  9x9 
inch  coloi  infrared  photographs  has  three  classes  delineated;  open 
water  (0) ,  marsh  (M)  ,  and  subirrigated  meadow  (S) .  These  overlay  maps 
represent  what  is  considered  to  be  the  actual  extent  and  configuration 
of  the  wetlands  on  the  ground.  The  two  overlays  produced  using  the 
Landsat  digital  data  had  the  same  three  classes  delineated.  The 
unclassified  upland  areas  were  grouped  into  the  non-wetland  classifi¬ 
cation  in  both  systems.  Both  sets  of  maps  (CIR  and  Landsat)  were 
measured  using  an  electronic  planimeter. 

The  accuracy  of  the  Landsat  mapping  system  was  based  in  part  upon 
comparison  of  the  acreage  totals  derived  from  the  measurements. 

Further  analysis  of  accuracy  was  accomplished  using  a  1cm  grid  over¬ 
lay  from  which  two  separate  point  samples  were  taken. 

The  first  sample  of  140  points  per  map  was  taken  to  compare  the 
accuracy  of  the  Landsat  system  in  terms  of  wetland  versus  non-wetland 
classification.  For  each  point  a  determination  was  made  as  to  the 
classification  on  the  CIR  map  and  the  same  point  on  the  Landsat  map. 
The  Phi  Coefficient  (0)  was  used  to  test  the  relationship  between  the 
two  mapping  systems.  The  Phi  Coefficient  has  a  value  of  zero  CO) 
when  no  relationship  exists  and  the  value  of  one  (1)  when  the  vari¬ 
ables  are  perfectly  related. 

The  accuracy  of  the  Landsat  system  for  the  specific  mapping 
classes  (open  water,  marsh,  subirrigated  meadow,  and  non-wetland)  was 
tested  using  a  larger  sample  from  the  lcm^  grid.  A  systematic  strati¬ 
fied  sample  of  1120  points  per  quad  was  taken.  As  in  the  previous 
test  of  accuracy,  the  classification  at  each  sample  point  on  the  CIR 
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map  was  compared  with  that  point  on  the  Landsat  map.  This  sample  pro¬ 
vided  an  4ndex  in  the  form  of  a  4  x  4  matrix  from  which  percentages 
for  the  v  irious  CIR-Landsat  classification  comparisons  were  derived. 
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Vegetation  Sampling  - 

Initial  work  consisted  of  determining  transect  locations  at  the 
study  sitis.  The  end  points  of  each  transect  were  identified  by  ground 
markers  of  two  strips  of  white  opaque  plastic  approximately  2  feet  wide 
by  15  feet  long.  The  two  strips  were  aligned  in  such  a  manner  to  form 
an  X  configuration.  An  additional  3  feet  by  3  feet  sheet  of  black 
plastic  was  placed  beneath  the  intersection  of  the  two  strips  for  con¬ 
trast  purposes.  Markers  were  constructed  and  placed  so  as  to  be 
visible  on  low  altitude  color  infrared  and  to  serve  as  locational  aids 
in  vegetative  mapping.  Three  transects  were  placed  at  Rice  Lake  and 
one  at  Watts  Lake  on  both  the  June  and  August  sampling  dates.  One 
transect  was  located  at  Little  Hay  Valley  on  the  June  date  only  due  to 
haying  operations.  Along  each  of  the  main  transects,  subtransects  were 
located  at  either  a  right  angle  to  the  main  transect  or  through  the 

9 

longitudinal  axis  of  a  homogenous  vegetative  zone.  Ten  lm*"  plots  were 
located  five  on  each  side  of  the  main  transect  at  2  meter  intervals 
along  the  subtransect,  alternating  sides  (Figure  2). 


Figure  2.  Schematic  representation  of 

transect,  subtransect  and  plot 
locations. 


13 


Ground  sampling  the  lm^  plots  was  accomplished  utilizing  a  canopy- 
cover  method  of  vegetational  analysis  (Daubenmire ,  1959).  Canopy  area 
as  used  i \  this  method  is  defined  as  the  area  parallel  to  the  ground 
surface  bounded  by  a  line  connecting  the  outermost  extremeties  of  the 
plant.  Because  precise  measurement  can  be  extremely  difficult  and 
time  consuming,  it  was  more  efficient  to  estimate  cover  utilizing  the 
following  classes: 

Class  Number  Class  Range  (I)  Class  Midpoint  (!) 


1 

0-5 

2.5 

2 

5-25 

15.0 

3 

25-50 

37.5 

4 

50-75 

62.5 

5 

75-95 

85.0 

6 

95-100 

97.5 

Class  midpoint  values  were  used  for  analysis. 

Canopy  cover  estimates  for  individual  species  within  a  hypotheti¬ 
cal  plot  are  shown  in  Figure  3. 

In  addition  to  cover  estimates  for  each  individual  species  occur¬ 
ring  in  a  plot,  general  vegetative  and  community  characteristics  of 
each  plot  were  also  evaluated.  This  information  was  recorded  in  the 
field  on  data  sheets  for  use  in  vegetative  analysis  (see  Appendix  A). 


( 
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Figure  3.  Canopy  cover  estimates  of  a  hypothetical  plot. 

t 


Vegetation  Analysis  - 

Information  from  the  ten  lm2  plots  located  on  a  subtransect  were 
combined  ‘o  define  a  10m2  sample  area.  Species  information  was  then 
derived  from  the  following  calculations: 

1)  Frequency  (f)  -  the  number  of  plots  in  which  a  given  species 
occurred  divided  by  the  ten  plots  of  the  subtransect. 

2)  Relative  frequency  (Rf)  -  the  frequency  (f)  of  a  given  species 
divided  by  the  sum  of  the  frequencies  for  all  species  which  occurred 
in  the  subtransect. 

3)  Cover  (c)  -  the  summation  of  the  number  of  plots  in  which  a 
specific  class  number  was  recorded  multiplied  by  that  class  numbers 
midpoint,  divided  by  the  ten  plots  of  the  subtransect  (that  is,  the 
portion  of  the  canopy  occupied  by  an  individual  species  within  the 
10m2  area  of  the  subtransect). 

4)  Relative  cover  (Rc)  -  the  cover  (c)  of  a  given  species  divided 
by  the  sum  of  the  covers  for  all  species  which  occurred  in  the  sub¬ 
transect  . 

5)  Importance  Value  (IV)  -  the  sum  of  the  relative  frequency  (Rf) 
and  the  relative  cover  (Rc)  for  each  individual  species. 

The  importance  value  was  utilized  as  an  overall  estimate  of  the 
influence  or  importance  of  an  individual  plant  species  in  the  total 
vegetative  community.  All  species  occurring  in  a  subtransect  were 
then  ranked  in  order  of  decreasing  importance  value.  In  this  manner, 
the  dominant  species  for  each  subtransect  were  identified.  Data  for 
a  selected  subtransect  is  illustrated  in  Table  1. 
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Table  1.  Data  for  a  selected  subtransect. 
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Importance  values  were  also  utilized  to  derive  an  index  of  species 
diversity  or  community  structure  for  each  subtransect.  Evaluation  of 
community  structure  was  initiated  by  calculating  the  Simpson  Dominance 
Index  (A) : 

=  1  n-Cnj-l) 

- TJTTTTT 

where  n^  =  the  IV  of  each  individual  species,  and 

N  =  I  of  importance  values  for  all  species  in  the  subtransect. 
The  Simpson  Dominance  Index  (A),  simply  expressed,  is  the  probability 
of  two  individuals  selected  at  random  from  a  subtransect  belonging  to 
the  same  species.  A  subtransect  exhibiting  low  dominance  will  exhibit 
high  species  diversity.  Accordingly,  diversity  was  measured  utilizing 
the  Simpson  Diversity  Index  (Dg) : 

Ds  = 

Ds  values  express  the  probability  of  one  species  in  the  subtransect 
encountering  an  individual  of  another  species. 

Community  similarity  comparisons  between  selected  subtransects 
were  based  on  Morisita's  Index  (1^).  This  measure  of  similarity  is 
arithmetically  related  to  A  as  shown  in  the  following: 

'«  *  21  xiyi 

nsprspiipr; 

product  of  importance  values  for  species  common  to  both 
subtransects 

Simpson  Dominance  Index  for  subtransect  1 
Simpson  Dominance  Index  for  subtransect  2 
Total  of  all  IVs  for  subtransect  1 


where  x^y^  = 


Total  of  all  IVs  for  subtransect  2 
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Morisita's  Index  (Im)  expresses  a  relative  probability  of  randomly 
drawing  the  same  species  from  each  of  the  two  communities.  lm  values 
may  rangt  from  0  (no  similarity  between  subtransects)  to  approximately 
1  (identical  subtransects). 

A  second  measure  of  community  similarity,  the  Sorensen  Community 
Coefficient  (CCg) ,  was  conducted  for  purposes  of  cross-date  compari¬ 
sons  at  Rice  Lake  only.  CCg  values  do  not  account  for  changes  in 
species'  relative  cover,  but  provide  information  on  species  disappear¬ 
ance/replacement  rates  over  time  as  given  by  the  following: 

CC  =  2c 

S1  +  S  2 

where  s^  =  number  of  species  in  community  1 

s2  =  number  of  species  in  community  2 

c  =  number  of  species  common  to  both  communities 

CCg  values  may  range  from  0  (no  species  common  to  both  communities) 

to  1.0  (all  species  common  to  both  communities). 

In  addition  to  determining  a  species  influence  or  dominance  in 
the  vegetative  community  through  IVs ,  each  species  was  assigned  a 
numerical  hydric  rank  ranging  from  1  to  5.  The  ranking  system  was 
designed  to  reflect  an  individual  species'  preferred  or  optimal 
moisture  conditions.  Species  restricted  to  very  dry,  xeric  conditions 
were  assigned  a  rank  of  1,  while  species  restricted  to  standing  water 
or  extremely  saturated  soils  were  assigned  a  5.  Species  with 
extremely  wide  moisture  preferences  were  considered  mesic  and  assigned 
a  rank  of  3.  Numerical  rankings  of  2  and  4  were  assigned  to  those 
species  which  exhibited  tendencies  to  prefer  either  xeric  or  hydric 
conditions  respectively,  but  were  not  totally  obligate  to  such 
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conditions.  Numerical  hydric  ranks  were  designated  for  each  species 

based  on  descriptions  available  from  the  literature.  Individuals  not 

identified  to  species  were  assigned  a  numerical  hydric  rank  of  3  unless 

2 

their  location  on  a  transect  indicated  a  xeric  or  hydric  preference. 

A  list  of  Species  collected  and  their  hydric  rank  is  found  in  Appendix 


The  prevalence  of  vegetation  adapted  for  hydric  conditions  at  each 
subtransect  was  determined  by  adding  IVs  of  species  having  identical 
numerical  hydric  rank.  Grouped  IVs  were  then  divided  by  the  sum  of  all 
IVs  in  the  subtransect  to  derive  a  relative  frequency  for  each  numeri¬ 
cal  hydric  group.  Relative  frequency  values  were  then  multiplied  by 
their  respective  groups'  hydric  rank  to  derive  a  weighted  mean. 

Weighted  means  were  added  and  divided  by  100  to  arrive  at  a  hydric 
value  for  the  entire  subtransect.  Hydric  values  for  subtransects 
range  from  1  (xeric)  to  5  (hydric)  similar  to  numerical  hydric  rank 
for  individual  species.  A  hydric  value  greater  than  3.0  indicates  a 
hydric  community  (wetland)  while  values  less  than  3.0  indicate  a  xeric 
community  (non-wetland) .  Table  2  illustrates  the  grouped  data  from 
Table  1  and  the  derived  hydric  value. 


^In  order  to  delineate  a  wetland  and  determine  the  wetland  status  of 
subirrigated  meadows,  the  need  to  define  both  "vegetation  typically 
adapted  for  life  in  saturated  soil  conditions"  and  "prevalence"  (33 
CFR  323.2)  became  apparent.  Through  the  use  of  a  hydric  ranking  system 
an  individual  species'  applicability  to  the  term  "typically  adapted" 
is  quantified  and  formulates  the  basis  for  establishing  prevalence. 
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A.  Listing  of  Species  by  Similar  Hydric  Rank. 


GROUPING  TYPE 

1 

SPECIES  NAME 

IMPORTANCE  VALUE 

-L 

2 

Rosa  arkansana 

.16879 

Artemesia  ludoviciana 

.15818 

Ambrosia  psilostachya 

.13057 

3 

Carex  8 

.41056 

Panicum  virgatum 

.27186 

Poa  pratensis 

.16553 

Solidago  sp.  1 

.09820 

Carex  10 

.05998 

Panicum  oligosanthes 

.04352 

Glycyrrhiza  lepidota 

.04352 

Apocynum  sibiricum 

.02176 

4 

Juncus  balticus 

.38398 

Equisetum  laevigatum 

.04352 

5 

— 

_ 

B.  Summary  of  Hydric  Value  Measures. 


GROUPING 

TYPE 

IMPORTANCE  VALUE 

RELATIVE  FREQUENCY 

WEIGHTED  MEAN 

1 

0.0 

0.0 

0.0 

2 

0.45755 

22.8773 

45.755 

3 

1.11495 

55.7473 

167.242 

4 

0.42751 

21.3754 

85.502 

5 

0.0 

0.0 

0.0 

TOTALS 

2.00001 

100.0000 

298.499 

Hydric  Value  * 

2.98499 

Table  2. 

Derivation  of  a  hydric  value 

for  Table  1  data. 

Hvdric  values  were  calculated  for  all  subtransects  in  the  June  and 
August  fi  Id  work.  This  information  was  utilized  to:  1)  delineate  and 
map  the  \  tland  of  Rice  Lake  in  combination  with  35  mm  color  infrared, 

2)  aid  in  determining  the  wetland  status  of  subirrigated  meadows,  and 

3)  aid  in  evaluating  temporal  change  at  Rice  Lake. 

For  purposes  of  community  comparison,  subtransects  for  both  June 
and  August  sample  dates  were  grouped  into  ecologically  similar  zones 
based  on  hvdric  value  and  species  composition.  The  Rice  Lake  subtran¬ 
sects  were  grouped  into  three  zones  (non-hydric,  outer  marsh  and  inner 
marsh)  as  shown  in  Table  3.  A  submerged  aquatic  zone  was  also  recog¬ 
nized  and  mapped  though  no  subtransects  occurred  in  this  deep  marsh 
area.  Subtransects  occurring  in  subirrigated  meadows  of  Watts  Lake 
and  Little  Hay  Valley  were  grouped  into  two  zones,  non-hydric  and 
hydric . 


NON-HYDRIC 

OUTER  MARSH 

INNER  MARSH 

Subtransects 

Sub transects 

Subtransects 

Transect 

l 

(6) 

1,  2,  3,  11,  12,  13 

4,  5,  l£3) 

644) 

(8) 

(3) 

(7) 

Transect 

2 

1-4,  15-18 

5-7 

8-14 

(6) 

(10) 

(9) 

Transect 

3 

1,  4,  22-25 

2,  3,  5-9,  19-21 

10-18 

(7) 

(3) 

(2) 

Transect 

6 

1-4,  10-12 

5,  6,  9 

7,  8 

(6) 

(6) 

(5) 

Transect 

7 

1-4,  16,  17 

5-7,  13-15 

8-12 

(9) 

(8) 

(7) 

Transect 

8 

1-3,  5,  20-24 

4,  6-9,  17-19 

10-16 

Table  3. 

Rice 

Lake  subtransects  occurring 

in  ecologically  similar 

zones. 
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Hydric  value  profiles  were  compared  for  Rice  Lake  and  the  subirri¬ 
gated  meadow.  Similarity  comparisons  (Im  values)  between  ecologically 
similar  -ones  of  Rice  Lake  and  the  two  subirrigated  meadow  sites  were 
also  conducted.  In  addition,  cross-date  comparisons  of  hydric  value 
profiles,  I  ,  Dg ,  and  CCg  values  were  made  for  ecologically  similar 
zones  for  temporal  analysis  at  Rice  Lake. 
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-  RESULTS  AND  DISCUSSION  - 

Landsat  A  :uracy  - 

The  r  curacy  of  the  Landsat  mapping  system  is  summarized  in  Table 
4  from  the  comparisons  of  Figures  4  and  5  to  Figures  6  and  7.  In  the 
case  of  the  open  water  and  marsh  mapping  classes,  the  Landsat  system 
under  estimated  the  total  area.  The  subirrigated  meadow  class  was 
over  estimated  by  the  Landsat  system.  Total  wetland  area  irrespective 
of  class  was  99.171.  Accuracy  for  wetlands  vs  nonwetland  comparison 
using  the  Phi  Coefficient  indicates  a  strong  relationship  between  the 
two  systems.  Accuracy  by  mapping  class  in  percent  shows  a  high  per¬ 
centage  of  duplicity  in  classification. 


A.  Mapping  Accuracy  as  a  Function  of  Acreage  Totals. 


CIR 

LANDSAT 

ACREAGE  OF 

LANDSAT  AS  %  OF  CIR 

Open  Water 

5,377.93 

4,859.94 

90.38 

Marsh 

5,065.53 

4,837.03 

95.49 

Subirrigated 

Meadow 

17,884.29 

18,395.85 

102.80 

TOTAL 

28,327.75 

28,092.82 

99.17 

B.  Mapping  Accuracy  as  Expressed  by  the  Phi  Coefficient  (0) . 
0  =  .8926 


C.  Classification  Accuracy  (%) .  Sample  Significant  at  .005  Confidence  Level. 


OPEN 

SUBIRRIGATED 

NON 

LANDSAT^. 

WATER 

MARSH 

MEADOW 

WETLAND 

Open  Water 

93.15 

0.00 

0.00 

0.00 

Marsh 

6.16 

82.75 

1.43 

0.22 

Subirrigated 

Meadow 

0.00 

16.66 

90.29 

2.98 

Nonwetland 

0.69 

0.59 

8.28 

96.80 

TOTAL 

100.00 

100.00 

100.00 

100.00 

t 


Table  4.  Landsat  accuracy  results  for  Simeon  SE&SW  combined 


SIMEON  SE,  NEBR. 


o 

M 

s 


2504.98 

2841,78 

7864.09 


•WTt 


Figure  6.  Color  infrared  depletion  of  Simeon  SF. 


saeow  S%  NEBR. 


O  =  2872.95 
M  =  2223.75 
S  =  10020.20 


Figure  7.  Color  infrared  depiction  of  Simeon  SW 
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When  attempting  to  make  a  quantitative  comparison  of  the  two  map¬ 
ping  systems  used  in  this  study,  the  resolutional  capabilities  of  each 
of  the  systems  must  be  considered.  With  the  CIR  mapping  system  it  is 
possible  to  delineate  very  small  areas  of  wetlands  and  to  make  distinc¬ 
tions  between  different  classes  of  wetlands.  In  the  case  of  the  Land- 
sat  mapping  system  such  fine  distinctions  are  not  possible.  In  addi¬ 
tion,  when  interpreting  the  CIR  photography,  adjustments  can  be  made 
for  minor  community  changes.  The  Landsat  system  on  the  other  hand  is 
incapable  of  making  such  adjustments  once  the  thresholds  have  been  set 
from  the  target  sites.  Another  problem  discovered  in  this  study  is 
the  lack  of  a  suitable  target  to  background  ratio  that  makes  the 
distinction  between  upland  non-wetland  areas  from  inter-dunal  lowland 
wetland  areas  more  difficult.  This  problem  can  be  resolved  in  the 
future  by  acquiring  photographic  and  satellite  data  during  June  or 
July  rather  than  in  September.  In  the  earlier  part  of  the  growing 
season,  the  target  to  background  ratio  w'ill  be  greater  because  of  the 
difference  in  nonwetland  and  wetland  plant  characteristics. 
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Comparative  Delineations  of  Rice  Lake  - 

Rice  ake  was  delineated  by  utilizing  hydric  values  for  each  sub¬ 
transect  in  combination  with  tone  and  texture  characteristics  of  the 
35  mm  color  infrared  imagery.  Figures  8  and  9  depict  non-hydric  and 
hydric  boundaries  as  well  as  three  wetland  zones,  submerged  aquatic 
(SA) ,  inner  marsh  (IM) ,  and  outer  marsh  (OM)  for  the  June  and  August 
dates.  The  submerged  aquatic  zone  was  characterized  as  open  water 
containing  floating  and  submersed  aquatic  vegetation.  Representative 
species  included  Lemna  minor ,  L .  trisulca ,  Potamogeton  pectinatus  and 
lltr icularia  vulgaris .  The  inner  marsh  zone  was  dominated  by  Scirpus 
acutus ,  Lemna  spp .  and  Sagittaria .  Other  species  in  this  zone  included 
Scirpus  fluviatilis ,  Typha  latifolia ,  Sparganium  eurycarpum ,  Polygonum 
coccineum,  P.  punctatum,  Stachys  palustris  and  some  occurrence  of  hydric 
grasses  and  sedges.  The  outer  marsh  exhibited  the  greatest  variability 
in  terms  of  species  composition.  Hydric  grasses  and  sedges,  represent¬ 
ative  species  of  the  inner  marsh  zone,  and  the  interspersion  of  mesic 
and  xeric  species  typified  this  area.  Appendix  C  lists  the  dominant 
species,  hydric  values  and  Dg  values  for  each  of  the  subtransects. 


RICE  LAKE 


e  cover 
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The  August  30  cover  map  was  considered  actual  for  comparisons  with 
the  Landsat  and  9x9  CIR  depictions  of  Rice  Lake  (Figure  10).  Com¬ 
parisons  of  these  maps  should,  however,  be  left  to  a  subjective  analysis 
of  general  wetland  morphology  on  the  part  of  the  reader  due  to  the 
disparity  in  classification.  The  vegetation  sampling  -  35  mm  CIR  pro¬ 
vided  detailed  information  not  available  from  remote  sensing  interpre¬ 
tation,  necessitating  a  dissimilar  classification  to  accurately 
reflect  vegetative  conditions.  Further,  the  subirrigated  meadow 
class  (S) ,  defined  by  the  tonal- textural  similarities  in  the  case  of 
9x9  inch  CIR  and  by  a  range  of  digital  thresholds  for  Landsat, 
proved  too  general  for  comparisons  at  this  level. 


1 . 24000  C.I.R. 


ACRES 

0  =  25.76 
M  =  18.40 
S  =  17.67 

TOTAL  =  6  I  .83 

Figure  10.  Color  infrared- Landsat 


LANDSAT 


0=  13.20 
VI  =  32.63 
S  =  13.96 

TOTAL  =  59.79 

ictions  of  Rice  Lake. 


The  gross  resolution  of  a  Landsat  pixel  also  limits  comparisons  to  a 
subjective  nature.  An  individually  sensed  pixel  may  have  occurred  in 
an  area  encompassing  two  or  more  of  the  actual  vegetation  zones. 


This  pixel  would  have  a  reflectance  value  strongly  influenced  by  the 
spectral  iroperties  of  these  zones,  presenting  the  possibility  for 
misrepre  ?ntation  in  classification. 

Some  inferences  may  be  drawn  from  these  comparative  depictions. 
There  is  no  doubt  that  both  manually  interpretated  CIR  and  Landsat 
each  represent  "prevalence  of  hydric  vegetation"  to  a  certain  degree 
based  on  the  characteristics  of  the  imagery,  but  actual  wetland 
boundaries  can  best  be  determined  by  incorporating  vegetation  sampling 
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Subirrigated  Meadows  as  Wetlands  - 

Hydric  values  for  the  subirrigated  meadows  of  Transect  5  (Watts 
Lake)  and  Transect  4  (Little  Hay  Valley)  are  graphically  illustrated 
in  Figure  11.  This  data  shows  that  portions  of  subirrigated  meadows 
can  be  classified  as  wetlands.  All  subtransects  at  the  two  study 
sites  were  typified  by  variable  species  composition  and  high  species 
diversity  (D  (x)=.875).  Of  the  46  subtransects  located  and  sampled  in 
the  subirrigated  meadow,  18  were  considered  to  occur  in  wetland  areas 
based  on  derived  hydric  values.  Hydric  values  for  wetland  subtran¬ 
sects  ranged  from  3.07  to  3.67.  Non-hydric  subtransects  were  located 
near  the  end  points  of  the  main  transects  in  sandhill  uplands  or  atop 
subtle  topographical  rises  within  the  more  hydric  meadow.  The  wetland 
subtransects  are  appropriately  described  as  a  hydrophyte  grass-sedge 
zone.  Hydric  dominants  in  the  subirrigated  meadow  included  Calama- 
grostis  canadensis ,  stricta ,  Spart ina  pectinata ,  Carex  aquatilis 
and  Carex  spp .  Other  hydric  species  occurring  in  association  with 
these  dominants  were  Eleocharis  sp .  ,  Juncus  balticus ,  Equisetum 
laevigatum ,  Asclepias  incarnata  and  Cicuta  maculata .  Ofter  inter¬ 
spersed  with  these  species,  and  in  some  cases  occurring  as  dominants 
for  wetland  subtransects,  were  Poa  pratens is  and  Phleum  pratense . 

These  two  species,  as  well  as  Calamovilfa  long i fol ia ,  Hordeum  j ubatum 
and  Panicum  virgatum ,  also  represented  transitional  species  dominants 
at  the  hydric/xeric  interface.  The  most  xeric  subtransects  consisted 
of  Stipa  comata ,  Hel ianthus  spp . ,  Silphium  integrifolium  and  Lathyrus 
polymorphus.  Appendix  D  lists  dominant  species,  hydric  values  and 
Dg  values  for  each  subtransect. 
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1 


I 


Figure  11 . 


Hydric  value  profiles  for  subirrigated 
meadow  study  areas  (June). 


This  generalized  description  of  the  subirrigated  meadow  is  similar 
to  that  described  in  the  literature.  Tolstead  (1942)  defined  three 
vegetative  zones  in  wet  meadows:  1)  a  hydrophvtic  grass-sedge  zone 
with  Calamagrostis  spp .  and  Carex  sp .  as  dominants,  2)  a  mesophytic 
tall  grass  zone  consisting  of  Spartina  pectinata ,  Panicum  virgatum , 
Sorghastrum  nutans  and  Andropogon  gerardi ,  and  3)  a  true  prairie  zone 
dominating  the  upper  portion  of  the  wet  meadows  and  forming  a  narrow 
transition  between  the  mesophytic  tall  grasses  and  xeric  uplands. 

This  distinct  zonation  and  vegetative  diversity  was  also  noted  by 
Frolik  and  Kiem  (1933)  and  Frolik  and  Shepherd  (1940)  for  wet  meadow 
vegetative  types. 
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Hydric  value  profiles  for  Transect  8  (Rice  Lake)  illustrates  a 
transition  from  xeric  to  the  extreme  of  hydric  conditions,  while 
transition  in  Transect  9  (Watts  Lake,  subirrigated  meadow)  is  appar¬ 
ent,  but  less  pronounced  (Figure  12).  These  differences  are  attrib¬ 
utable  to  the  varying  proportions  of  xeric,  mesic,  and  hydric  species 
occurring  along  the  two  transects  compared. 


Figure  12.  Hydric  Ifelue  Profile  Comparison  of  Rice 
Lake  -  Watts  Lake  (August). 


Differences  in  the  two  communities  were  further  defined  by  evalua 
tion  of  derived  Im  values.  Subtransects  occurring  in  similar  ecologi 
cal  zones  of  Rice  Lake  were  compared  to  grouped  non-hydric  and  hydric 
subtransects  of  the  subirrigated  meadows  for  both  June  and  August 
(Table  5). 


VsSubirrigated 

Non-H} 

fdric 

Hydric 

Jow 

Rice  Lak^s* 

I 

n 

I 

n 

m 

m 

Non-hydric 

J  -  .303 

320 

J  -  .119 

240 

A  -  .314 

264 

A  -  .047 

132 

Outer-marsh 

J  -  .098 

256 

J  -  .215 

192 

A  -  .075 

204 

A  -  .113 

102 

Inner-marsh 

J  -  .000 

320 

J  -  .001 

240 

A  -  .001 

168 

A  -  .002 

84 

Table  5.  Morisita's  Index  (x)  values  for  community  similarity  comparisons  of 
Rice  Lake  vs.  subirrigated  meadows,  for  June  (J)  and  August  (A). 

Greatest  community  similarity  was  found  in  the  comparison  of  non- 
hvdric  subtransects.  Within  hydric  subtransects  of  the  subirrigated 
meadow,  highest  Im  values  were  recorded  for  the  outer-marsh  compari¬ 
son  at  Rice  Lake  on  both  dates.  This  data  would  indicate  that  the 
wet  portions  of  subirrigated  meadows  most  closely  resemble  the  outer- 
marsh  rone  in  species  occurrence  and  abundance.  Community  similarity 
achieved  its  highest  value  (.215)  in  hydric  vs.  outer-marsh  compari¬ 
sons  for  June.  This  may  be  attributable  to  the  similarity  in  soil/ 
moisture  relationships  at  the  two  sites  during  this  part  of  the 
growing  season.  Through  summer,  however,  water  levels  receded  at 
Rice  Lake  while  ground  water  levels  in  the  subirrigated  meadows  may 
have  remained  relatively  static.  This  change  in  available  soil 
moisture  in  the  outer-marsh  mav  account  for  the  decline  in  the  I 

m 

value  in  the  August  comparison.  Least  community  similarity  was 
found  in  the  comparison  of  hydric  subirrigated  meadow  subtransects 
and  the  inner-marsh  at  Rice  Lake.  Large  differences  in  hydric 
values  of  the  two  areas  compared  largely  account  for  this  non- 


39 

correlation.  Results  summarized  in  Table  5  did  not  provide  suppor 
tive  evidence  of  subirrigated  meadows  as  wetlands,  but  further  sub 
stantiated  their  status  as  distinct  wetland  communities. 
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Temporal  Change  - 

Grour  '  sampling  data  and  imagery  for  two  separate  dates  (June  and 
August)  llowed  an  analysis  of  temporal  change  at  Rice  Lake.  Due  to 
the  lack  of  acceptable  imagery  from  the  June  sample  and  haying  opera¬ 
tions  in  Little  Hay  Valley  during  the  August  sample,  an  insufficient 
data  base  prevented  conducting  a  similar  analysis  of  subirrigated 
meadow . 

As  determined  from  the  base  maps,  total  wetland  acres  decreased  61 
from  the  June  to  August  sampling  dates.  As  shown  in  Table  6,  the 
largest  drop  in  acres  occurred  in  the  submerged  aquatic  zone.  The 
decrease  in  this  portion  of  the  wetland  is  predominantly  attributable 
to  the  appearance  of  Lemna  spp .  and  Potamogeton  spp .  on  the  water's 
surface  at  the  submerged  aquatic/inner  marsh  interface.  The  decrease 
in  the  submerged  aquatic  zone  substantially  accounts  for  the  .50  acre 
increase  in  the  inner  marsh  zone.  The  data  further  shows  the  inner 
marsh  did  not  increase  in  the  same  quantity  as  the  submerged  aquatic 
wetland  decreased.  This  is  attributable  to  the  more  rapid  encroach¬ 
ment  of  drier  outer  marsh  into  the  inner  marsh  as  water  levels  receded 
through  summer. 


June 

Aug 

Acreage 

A 

Outer  Marsh 

9.72 

8.39 

-1.33 

-14% 

Inner  Marsh 

21.15 

21.65 

+  .  5^ 

+  2% 

Submerged  Aquatic 

32.31 

29.57 

-2.74 

-8% 

TOTALS 

63.18 

59.61 

-3.57 

-6% 

Table  6.  Rice  Lake 

acreages  and  temporal 

changes. 
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*  Hydric  values  for  subtransects  sampled  in  August  were  similarly 

lower  than  those  sampled  in  June,  further  indicating  shrinkage  of  the 
marsh  inward  and  the  invasion  of  more  xeric  species.  Hydric  value 
depression  in  August  is  graphically  represented  by  a  comparison  of 
hydric  value  profiles  of  Rice  Lake  for  the  two  sample  dates  (see 
Figure  1 3) . 


Figure  13.  Comparison  of  hydric  value  profiles  for  June  and 
August  transects  at  Rice  Lake. 

A  comparison  of  D$  values  and  total  number  of  species  for  ecolog¬ 
ically  similar  zones  on  both  an  intra-  and  inter-sampling  data  basis 
is  shown  in  Table  7.  In  general,  Dg  values  decreased  with  an  increase 
in  hydric  value  as  indicated  by  progressively  smaller  Dg  values  from 
non-hydric  to  inner  marsh  zones.  Additionally,  Dg  values  for  all 
zones  decreased  from  June  to  August.  These  trends  are  illustrated  by 
the  graph  at  Figure  14. 


TRANSECT 

NON- 

HYDRIC 

OUTER 

MARSH 

INNER 

MARSH 

# 

# 

# 

Ds(x) 

n 

species  Dg(x) 

n 

species 

Ds(x) 

n 

species 

1 

.883 

6 

50 

.875 

3 

40 

.732 

4 

16 

2 

.877 

8 

51 

.899 

3 

33 

.754 

7 

16 

3 

.889 

6 

39 

.841 

10 

46 

.721 

9 

19 

TOTAL 

(JUN) 

.882 

20 

69 

.859 

16 

67 

.735 

20 

28 

6 

.865 

7 

42 

.892 

3 

37 

.682 

2 

11 

7 

.862 

6 

46 

.858 

6 

53 

.734 

5 

17 

8 

.823 

9 

40 

.825 

8 

50 

.655 

7 

21 

TOTAL 

(AUG) 

.847 

22 

68 

.849 

17 

77 

.687 

14 

28 

Table  7 

.  Temporal 

comparisons 

r-  _  _ _ s  .  _ 

of 

Simpson  diversity  values 

and  number 

of  species  for  ecologically  similar  zones  of  Rice  Lake. 


Figure  14.  Rice  Lake  (June- August) 
D.  values  vs.  distance. 
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Though  total  number  of  species  in  non-hydric  areas  remained  static, 
Dg  values  lecreased  from  June  to  August.  This  apparent  contradiction 
is  attril  ’ted  to  the  dominance  of  warm  season  grasses  Andropogon  hal 1 i i 
and  Calamovi 1  fa  longi fol ia  in  the  August  sample  which  depressed  IVs 
of  other  species.  The  Dg  values  for  the  outer  marsh  zone  similarly 
decreased  over  time,  but  to  a  lesser  degree  than  non-hydric  areas. 
Totals  for  the  August  data  indicate  Dg  values  for  the  outer  marsh  were 
slightly  higher  than  values  for  non-hydric  areas.  This  shift  in  Dg 
value  hierarchy  is  partially  attributable  to  an  increase  from  67  to  77 
total  species  in  the  outer  marsh  zone.  Inner  marsh  Ds  values  were 
significantly  lower  than  both  the  non-hydric  and  outer  marsh  zones  for 
both  dates.  A  low  number  of  total  species  and  the  overall  dominance 
of  a  Scirpus  acutus ,  Lemna  spp .  and  Sagittaria  sp .  vegetative  triad 
accounts  for  the  low  Ds  values. 

Im  values  were  also  compared  for  ecologically  similar  zones  between 
the  two  sample  dates  as  shown  in  Table  8.  This  data  indicates  the 
largest  community  change  occurs  in  the  outer  marsh  zone  and  is  highly 
correlated  to  this  area's  receding  water  levels  and  fluctuating  soil/ 
moisture  relationships.  The  least  community  change  occurs  in  the  inner 


NON- 

■HYDRIC 

OUTER 

MARSH 

INNER 

MARSH 

I  (x) 
m 

n 

I  (x) 
m 

n 

I  (X) 

in 

n 

TRANSECT 

.319 

42 

.196 

9 

.584 

8 

1  vs  6 

TRANSECT 

.372 

48 

.205 

16 

.605 

35 

2  vs  7 

TRANSECT 

.198 

54 

.205 

80 

.784 

63 

3  vs  8 

TOTALS 

.297 

144 

.204 

107 

.710 

106 

Table  8.  Temporal  comparison  of  Rice  Lake  using  Morisita's  Index  (x)  values. 
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marsh  where  standing  water  is  present  throughout  the  year  and  the  envi¬ 
ronment  is  comparatively  stable.  The  dominant  Scirpus-Lemna-Sagittaria 
association  remains  relatively  unchanged  in  this  zone  during  the  entire 
growing  season. 

The  relative  amount  of  species  disappearance  and  replacement  was 
analyzed  by  comparing  ecologically  similar  zones  at  Rice  Lake  through 
the  Sorenson  Community  Coefficient  (CCg) .  This  data  is  summarized  in 
Table  9.  CCg  values  further  indicate  the  large  community  change  and 
species  turn-over  which  occurs  in  the  outer  marsh  zone.  The  low  CCg 
value  for  the  inner  marsh  zone  indicates  that  substantial  shifts  take 
place  in  vegetative  sub-dominants  though  such  changes  are  masked  by 
the  stability  and  dominance  of  the  Scirpus-Lemna-Sagittaria  associa¬ 
tion. 


#  species 

June 

#  species 
August 

A 

species 

.569 

Non-hydric 

69 

68 

59 

Outer  marsh 

67 

77 

74 

.486 

Inner  marsh 

28 

28 

36 

.357 

Table  9.  Species  disappearance/replacement  data  and  Sorenson  Community  Coefficient 
values  for  Rice  Lake. 
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-  CONCLUSIONS  - 

This  ftudy  documented  the  accuracy  of  Landsat  wetland  mapping  in 
the  Sandk'ills  of  Nebraska.  Methodology  for  delineation  of  wetland 
communities  and  the  determination  of  subirrigated  meadows  as  wetlands 
has  been  established.  Comparisons  of  the  various  remote  sensor’s 
depictions  of  Rice  Lake  proved  inconclusive  due  to  the  incompatible 
classifications  and  resolutions.  Significant  vegetation  changes  have 
been  noted  in  the  temporal  evaluation  of  Rice  Lake.  Additional 
studies  are  essential  to  place  in  proper  perspective  the  remote 
sensing  and  field  results.  These  studies  may  include: 

1.  Incorporating  the  various  remote  sensors  and  field  evaluation 
techniques  into  an  operational  framework  for  the  Corps  regulatory 
respons ibi 1  it ies . 

2.  Testing  of  field  evaluation  methods  in  other  types  of  wetland 
environments,  (i.e.)  Missouri  River  floodplain  wetlands. 

3.  Refinement  in  separation  of  hydric  subirrigated  meadows  by 
Landsat  through  computer  manipulation  of  digital  data  or  temporal 
analysis . 

4.  Additional  vegetational  studies  of  subirrigated  meadows  with 
respect  to  variations  in  topography,  ground  water,  soils  information 
and  comparisons  of  graced,  mow'ed,  and  undisturbed  areas. 

5.  Additional  transition  zone  studies. 

6.  The  effects  of  temporal  changes  on  wetland  delineation. 

7.  Determining  least  number  of  sample  plots  required  to  achieve 
acceptable  wetland  delineation. 
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Appendix  B.  Listing  of  Plants  Collected  for  Rice  Lake  and  the 
Subirrigated  Meadow  Study  Sites.  Hydric  Rank  in  (  ). 


Achillea  mitleiolium  (3) 
Agatcnixi  gnttingeAi  (4 1 
Ag  •ujrtc  nia  g  nypo  4  epala  !  3 ) 
Agnimonia.  AtsUata  (3) 
Agiopytion  bmitl Ui  (3) 
AgKobtii,  AtolonifaeAa  (4) 
Aliima  ip.  (5) 

AtnbKoiia  pAiloAtackya  (2) 

A moxpha  caneAcem  (2) 

A ndncpogcn  hallii  (2) 

A ndxopogon  Acopa/UjuA  (2) 
AnienruvUa.  neglec ta  (2) 
Apocynum  iibi Aicum  (3) 
AsUmeAia  ludoviciana  (2) 
AAclepica  incasmcuta  (4) 
AAcJLepioA  4p.  (3) 

Ai-teA  eAecof.de 4  ( 2 ) 

Ah  ten  pKjxioJUjxb  (4) 

Ai-teA  4p.  (3) 

Zi.de.ni>  ceAnua  (4) 

Bidenh  coAonala  (4) 

Bouteloua  gnacilih  ( 2 ) 

5 iomuh  ineimih  !  3 ) 

8 Aomii  japonicm  (3) 
Bnycphyte  (3) 

Ca£amag'io4-tc4  canadeni-di  (4) 


CafamgA04-tc4  4 tnUcXa  (4) 
Ca£amovf£|$a  Longf^oLfa  (2) 
Campanula  apasUnoideA  ( 4  ] 
CaAex  aquaXiilA  (4) 

CaAex  7  (3) 

CaAex  2  (3) 

CaAex  3  (4) 

CaAex  4  (4) 

CaAex  5  (4) 

CaAex  6  (2) 

CaAex  7  (2) 

CaAex  5  { 3 ) 

CaAex  9  (3) 

CaAex  10  13) 

CeAahtium  rnXanh  ( 3 ) 

C heno podium  album  (3) 
Chenopodium  ip.  (3) 

Cicala  maculala  (4) 
CiAhium  piattenhc  (2) 
CfAifum  4p.  (3) 

Coffomfa  tineasuA  (2) 
Compohilae  (3) 

Convolvulus,  asivenhiA  (3) 
Ccnyza  canadenhih  (2) 
CA<c4fafe££a  jameAii  ( I ) 
CypeAuh  hchueinilzii  (3) 


Cyptn.uA  Ap.i  (3) 

CyptnuA  Ap. r  (4) 
VtAcunainio  Aopltia  (2) 
EltockaniA  Ap.  (4) 

EiymuA  canadtnAiA  (3) 
Epilobium  adtnocauton  [4] 

E na.gtLOA.tiA  ApccXabiliA  (2) 
EnagnoAtiA  tnichodtA  (2) 
End.gtn.on  AtnXgoAuA  (3) 
EquiAttum  aAvtn&t  (4) 
EquiAeXum  la.cvj.gaMm  (4) 
Eu.phcn.bia  miAAuAica  (2) 
Euphonbia  Ap.  (3) 
ftAtuca  ocXo^lona  (2) 

Fo*b  UK  (3) 

Fungi  (3) 

Galium  Ap.  (4) 

Geum  altppiam  (4) 
Glycyn-rhiza  lepidota  (3) 
Glyctnia  AtAiaXa  (4) 
HaplopappuA  ApinuloAuA  (2) 
HtlianihuA  annuuA  ( 3 ) 
HtlianihuA  peXiolaniA  ( 2  j 
HtlianihuA  nigiduA  (2) 
HtLLarXhuA  iubtnoAuA  (3) 
HtlianihuA  Ap.  (3) 

Hondtum  jubaXum  (2) 
dyptnicum  majuA  (4) 


HypoxiA  hiAAuta  (3) 

Jva  xanihi^olia  (3) 

JuncuA  balticuA  (4) 

JuncuA  initnion  [4) 
JuniptnuA  vinginiana  (2) 
Kochia  Atopania  (3) 
Kotltnia  pynimidaia  (2) 
Kuhnia  tupaionioidtA  (2) 
Labiaiat  1  ( 3 ) 

Labiaiat  2  (3) 

LacXuca  Ap.  (3) 

Lappula  Ktdomkii  (2) 
LaXh.yn.UA  polymonpkuA  (2) 
LteAAia  onyzoidtA  (4) 

Ltmna  minon.  (5) 

Lemna  XniAulca  (5) 

Lcpidium  vinginicum  (2) 
LtAptd&za  capiXala  (2) 
Le4queAe££a  ludoviciana  (2) 
UcuaLa  iantiiolia  (3) 
LiaXAiA  AquaAAOAa  (2) 
LiXhoAptnmum  inciAum  ( 2 ) 
LiXhoAptnmum  Ap.  (3) 

Lobtlia  AiphiliXica  (4) 
LycopuA  Ap.  (4) 

LygodtAmia  juncta  (2) 

Ma£va  (3) 

Meiicage  iupuiina  (3) 


Mo ilzclia  nuda  1 ? ) 
Mzntzelia  Mu'cta  (?) 
Muhlznbzngia  pungc.ru  (7) 
Muhl&nbeng^  iacejno4a  (3) 
Mysotis  4 ylvatica  (3) 
Oznothzxa  paJLLLda  (?) 
Oenothcna  slnigosa  (3) 
OnoeXea  sensibllis  (4) 
Opuntla  compicjia  (7) 
tfxata  4 tnicta  (3) 

Panxcum  capxi-taie  (3) 
Panicum  lanuginosum  (3) 
PanicLuv  oligosanthzs  (3) 
Panicum  vingatum  (3) 
Paspalum  stnam^ncum  (?) 
Pznstzmon  gnacills  (?) 
Pctalostzmum  villossum  ( 7 ) 
Phalaxls  anundinacca  (4) 
Phlzum  pnalznsz  (3) 
Pkysalis  vinglniana  ( 3 ) 
Pkysalis  sp.  (3) 

Planing o  palagonica  ( 7 ) 

Poa  compnzssa  (?) 

Poa  polos  Inis  (4) 

Poa  pnalzni.lt,  (3) 

Polygonum  c occlnzum  ( 4 ) 
Polygonum  convolvulus  (3) 
Polygonum  punclalum  (4) 


Polygonum  namosissimum  (3) 
Polygonum  sagittatum  (4) 
Populus  dzltoidzs  (4) 
Potamogzlon  nalan 4  (5) 
Polamogzlon  pzctinalus  (5) 
Potamogzlon  4 p.  (5) 
Potznlilla  nonvzglca  ( 4 ) 
Pnunus  bzsseyi  (?) 

Psonalza  angophyila  12) 
Psonalza  digltata  (?) 
Ratxbxda  co£u/nnxi5eAa  (?) 
Rzd^izldla  filzxuosa  ( 7 ) 

Rhus  nadlcans  ( 3 ) 

Rosa  ankansana  (?) 

RudbzcUa  hlnla  (3) 

Rumex  4p.  (3) 

Sag-(^Ca4xa  4p.  (5) 

Sa£xx  amygdala idzs  14) 

Salix  zxlgua  (4) 

Sabxr  sp.  14) 

Sclxpus  aculus  (5) 

Sclnpus  amznicanus  (.5) 
Sclnpus  lluvlatills  (5) 
Scuttzllania  panvula  (4) 
Sznzclo  nldellU  (?) 

Silznz  anlinnhlna  (?) 
SilplUum  inlzgniiolixm  (3) 
Solidago  candznsls  (3) 


yucca  glauca 


Sotidago  giaminiiclia  (3) 
Solidago  Aigida  (2) 

Sotidago  ip.l  (3) 

Sotidago  ip.  2  (.3) 

Sonchui  utiginoiui  (3) 
SoAghaitAum  nutani  (2) 
Spaaganium  euAycaApm  (5) 
Spasutina  pectinata  (4) 

Stachyi  patuitxii  ( 4 ) 
SteUtaAia  longifiotia  (4) 

Stipa  comaXa  (2\ 

StAophoityleA  leXoipcAma  (3) 
SymphoAicaApoi  ip.  (3) 
SiiyAinchium  anguiti^otium  (31 
Taraxacum  oUicinaZe  (3) 
TkeleipeAma  ip.  (3) 

ThelypteAii  patui&Ui  (4) 
Thtaipl  aAvenie  (3) 
TAadeicantia  occidentaZii  (3) 
TAagopogon  pAatemii  (31 
TAifiotium  pAouteme  (3) 

T Ai^otiwn  Ae.pe.ni  (3) 

Typha  latino  tia  (51 
(lAtica  ip.  (3} 

UtAicuioAia  vulgaAii  (5) 
VeAbena  itAicXa  (.21 
VeAbena  uAticifictia  (3) 

Viola  pedati^ida  ( 2 ) 
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Appendix  C.  Subtransect  Data  for  Rice  Lake,  June  and  August. 
D§=Simpson  Diversity  Index  and  HVsHydric  Value.  Dominant  Species 
Listed  Were  Those  With  the  Highest  IV's  Where  the  Sum  was  Greater 
Than  or  Eq  al  to  501  of  all  IV's  Occurring  in  the  Subtransect. 


I .  June 

Transect  1: 

Subtransect 

1-01:  Ds= .92,  HV=2 . 38 

EAagAoAtiA  tAichodeA 
LathyAuA  potymoAphius 
StcJUaAta  tongi^otia 
Ko  elcnia  pyAimidata 

1-02:  Ds= . 90 ,  HV=  2.88 

So lidago  Ap.  1 
Panicum  viAgatum 
JunCLiA  battic.uA 
A AtcA  cnicoideA 

1-03:  Ps= . 79 ,  HV=2 . 85 

Sotidago  Ap.  1 
AndAopogon  haltii 

1-04:  Ds= . 84 ,  HV=3.60 

Satix  cxigua 
Sotidago  Ap.  2 
Coacx  5 

1-05:  Ds= . 90 ,  HV=  3.77 

SciApuA  acutuA 
Sotidago  Ap.  2 
Gcum  alcppicum 
Coacx  4 

1-06:  Ds=.83,  HV=4.56 

T ypha  latifiotia 
SciApuA  acutuA 
SagtttaAia  Ap. 

1-07:  Ds® . 76 ,  HV-4.99 

SpaAganiwn  cuAycaApum 
Lenina  minoA 


1-08:  Ds=.61,  HV=4 . 98 

SagtttaAia  Ap. 

1-09:  Ds=.72,  HV=4.99 

SagtttaAia  Ap. 

Lenrna  minoA 

1-10:  Ds=.89,  HV=  3 . 36 

Coacx  S 
Coacx  3 
Coacx  1 

1-11:  Ds=.90,  HV=2 . 62 

Panicum  viAgatum 
Panicum  otigoAanthcA 
HetLa.nth.uA  tubeAoAui 
AAtemeAia  ludoviciana 

1-12:  Dg=.89,  HV-2.2S 

AndAopogon  AcopaniuA 
AndAopogon  haitii 
Stipa  comata 
HeiianthuA  tubeAoAuA 

1-13:  Dg=.90,  HV-2.08 

Stipa  comata 
LathyAuA  polymoAphuA 
AndAopogon  AcopaAtuA 
EAagAoAtiA  txichodeA 
Catamovitfa  longi^otia 
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Transect  2: 

Subtransect 

2-01:  Ds=.90,  HV=2 . 48 

SoZidago  Aigida 
CaZamoviZ^a  longi^ctia 
iHtemeAia  Zudo  v-LcJja.no. 
JuncuA  balticuA 

2-02:  Ds=.80,  HV=2.43 

CaZamovilfa  longi&otia 
JuncuA  balticuA 
Solidago  HA.gi.da 

2-03:  Dg= . 86 ,  HV=2.71 

CaZamoviZfa  Zongi^olia 
Juncu 4  balticuA 
AAtemeAia  Zudovi.cia.na 

2-04:  Ds=.90,  HV=2.9S 

JuncuA  balticuA 
CalamoviZfa  Zongi^oZia 
AAtemeAia  Zudoviciana 
Poa  pnatenAiA 

2-05:  Ds= . 89 ,  HV=3.37 

Juncm  balticuA 
StackyA  paZuAtAis 
SaZix  exigua 
PhZeum  pAatenAe 

2-06:  Ds«.88,  HV=3.51 

JuncuA  balticuA 
CaAex  10 
SoZidago  Ap.  1 
SaZix  exigua 

2-07:  Dg® . 92 ,  HV-3.99 

SciApuA  acutuA 
PoZygonum  coccineum 
CaAex  1 
CaAex  5 

VeAbena  uAtici^oZia 
SaZix  exigua 


2-08 


2-09 


2-10 


2-11 


2-12: 


2-13: 


2-14: 


2-15: 


2-16: 


:  Ds=.83,  HV=4 . 35 

SciApuA  acutuA 
PoZygonum  coccineum 

:  Ds=.75,  HV=4 . 79 

SciApuA  acutuA 
SpaAganium  euAycaApum 

:  Ds= .77,  HV=  4.98 

SciApuA  acutuA 
SagittaAia  Ap. 

:  Ds= . 71 ,  HV=4 . 99 

SciApuA  acutuA 
SagittaAia  Ap. 

Ds=.76,  H V=  4.99 

SciApuA  fiZuviatiZiA 
SciApuA  acutuA 

Ds=.71,  HV=4 . 99 

SagittaAia  Ap. 
SpaAganium  euAycaApum 

Dg* . 75 ,  HV®4 . 99 

SagittaAia  Ap. 

SciApuA  IZuviatiZiA 

Ds= . 90 ,  HV=  2.81 

CaZamoviZ^a  ZongifioZia 
SaZix  exigua 
SoZidago  Ap.  1 
AAtemeAia  Zudoviciana 

Dg* . 86 ,  HV* 2.47 

Stcpa  comata 
EquiActum  Zaevigatum 
Panicum  viAgatum 
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2-17:  Dg= . 88 ,  HV=2.36 

Stipa  comaAa 
Heiianth.uA  tubcAoAuA 
Panic um  viAgatum 
AndAopogon  AcopaAli la 

2- 18:  Ds=.87,  HV=2.18 

EAagAoAtl 4  tAlchodcA 
Poa a  oAkanAana 
Stipa  comata 
HeilanthuA  tubcAoAuA 

Transect  3: 

Subtransect 

3- 01:  Ds=.87,  HV=2 . 98 

Ca acx  8 

JuncuA  balticuA 
Panicum  viAgatum 

3-02:  Ds=.85,  HV=3.02 

Phlcum  pnaAcnAe 

Coacx  10 

Poa  pAatcnAiA 

3-03:  Ds=.89,  HV=  3.01 

Coacx  8 
Coacx  10 

StachyA  paluAtUA 
Pea  pAatcnAiA 

3-04:  Ds=.87,  HV-2.73 

AnAemeAla  ludovlclana 
Coacx  8 

JuncuA  balAlcuA 
HoAdeum  jubatum 

3-05:  Dg* . 73,  HV=3.15 

Coacx  8 

JuncuA  balticuA 
3-06:  Ds=  .89,  HV-3.17 
Coacx  8 

JuncuA  balticuA 
Coacx  10 
VcAbcna  AtAicta 


3-07:  Dg= . 86 ,  HV=3.34 

Coacx  10 
Coacx  8 

SciApuA  acuA.uA 
3-08:  Dg= . 88 ,  HV=3.80 
Coacx  1 

Polygonum  cocclncum 
ScxApuA  ocuAua 

3-09:  Dg= . 83,  HV=4.69 

SciApuA  ocuAua 
SpoAganlum  cuAycaApum 
Typha  laAifiolia 

3-10:  Ds= . 76 ,  HV=4.91 

ScxApuA  ocuAua 
SpoAganlum  cuAycaApum 

3-11:  Ds=.67,  HV=4 . 99 

SciApuA  ocuAua 

3-12:  Ds=.65,  HV*5.00 

SciApuA  acuAuA 

3-13:  Ds-.7l,  HV=  4 . 95 

SciApuA  ocuAua 
Lemna  mlnoA 

3-14:  Ds= . 63 ,  HV=  5.00 

Lemna  minoA 
SciApuA  acutuA 

3-15:  Dg= . 65 ,  HV=5.00 

SciApuA  acuAuA 
Lemna  mlnoA 

3-16:  Dg* . 79 ,  HV-4.92 

SciApuA  ocuAua 
Lemna  mlnoA 

3-17:  DgB . 77 ,  HV=4.71 

SciApuA  ocuAua 
SaglAAaAla  Ap. 


58 


3-18: 


3-19: 


3-20: 


3-21: 


3-22: 


3-23: 


3-24: 


3-25: 


Ds=.85,  HV=4 . 53  II. 

SclApuA  acutuA 
SclApuA  ^luvlatltlA 
SpaAganlum  euAycaApum 

Ds=.87,  HV=  3 . 93 

SclApuA  acutuA 
VeA.be.na.  uAtlclfaolla 
Polygonum  coccJ.ne.usn 

Dg  =  . 76 ,  HV=  3.49 

Salix  amygdaloldeA 
CaAex  8 

Ds=.85,  HV=  3.18 

J uncuA  baltlcuA 
Poa  pnatenAli 
Sotldago  ip.  1 

Dg=.91,  HV=  2.62 

AAtemeAla  ludovlclana 
HellanthuA  tubeAOA UA 
Polygonum  cocclncum 
Panlcum  vlAgatum 
EnagnoAtl a  tAlchodeA 

Ds=.91,  HV=2 . 30 

Andfiopogon  halUd 
Lathy huA  polymoKphuA 
HellanthuA  tubeAoAuA 
Stlpa  comata 
A ndAopogon  AcopaAJxiA 

Ds=.89,  HV=  2,29 

LathyAuA  polymoaphuA 
Stlpa  comata 
A ndAopogon  hallll 
HellanthuA  tubeAOAuA 

Ds=.87,  HV=  2.17 

A ndAopogon  hallll 
Stlpa  comata 
Roia  aAkan&ana 


August 

Transect  6: 

Subtransect 

6-01:  Dg= . 87 ,  HV=2.33 

Panlcum  olAgatum 
Andfiopogon  AcopaAluA 
RhuA  Aadlcam 

6-02:  Ds=.83,  HV=2.45 

Rhai  nadlcani, 

PfiunuA  beAAeyl 
Panlcum  vlAgatum 

6-03:  Ds=.82,  HV=2.61 

Panlcum  vlAgatum 
AAtemeAla  ludovlclana 
RhuA  nadlcanA 

6-04:  Ds=.86,  HV=2.67 

Sotldago  canadenAlA 
Andfiopogon  hallll 
Calamovllta  longlfatla 

6-05:  Dg= . 89 ,  HV-3.44 

Canex  10 

Sotldago  candemlA 
AiteA  pAaealtuA 

6-06:  Dg= . 89 ,  HV=3.92 

SclApuA  acutuA 
Polygonum  punctatum 
CaAex  5 

6-07:  Ds*.84,  HV=4.56 

CaAex  5 
Saglttanla  Ap. 

Lemna  mlnoA 

6-08:  Ds=.53,  HV-4.90 
SaglttaAla  Ap. 
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6-09:  Ds-.90,  HV=3.58 

MuhZcnbeAgia  AacemoAa 
PkaZaAiA  aAundinacea 
SoZidago  cana.de.n6l6 

6']  •  Ds=.88,  HV=2 . 73 

Panicum  viAgatum 
HeZZanthuA  annuuA 
AAtemeAia  ZudovicZana 
Po6a  cuikanAana 

6-11:  Ds  =  .90,  HV=2 . 2 7 

And/iopogon  haZZZZ 
HcZZanthuA  annuu6 
And/iopogon  AcopaAiuA 
HeZZanthuA  AigZduA 

6- 12:  Ds=.87,  HV=2.10 

AndAopogan  AcopaAiuA 
Andropogon  hattU 
Ro6a  aAkanAana 

Transect  7: 

Subtransect 

7- 01:  Ds=.83,  HV=2 . 42 

And/iopogon  haZZZZ. 
A/iZemeAia  ZudovZcZana 
Panicum  vZAgatum 

7-02:  Ds=.84,  HV=2.23 

A ndAopogon  haZZZZ 
CaZamoviZ^a  Zongi^oZZa 

7-03:  Ds=.83,  HV=2.25 

CaXjmovilia  Zongi^oZZa 
A ndAopogon  haZUZ 

7-04:  Ds=.89,  HV-2.68 

CaZamovltia  ZongijotZa 
SoZidago  canadenAiA 
SaZix  6p. 

Panicum  viAgaium 


7-05:  Ds=.88,  HV=3.41 

SaZix  exigua 
SoZidago  canadenAiA 
UuhZenbeAgia  AacemoAa 

7-06:  Ds=.87,  HV=3.78 

SaZix  exigua 
SpaAtina  pectinata 
StachyA  paZuAtAZA 

7-07:  Ds=.89,  HV=3.84 

PoZ.ygonum  punctatum 
ScZApuA  acutuA 
Geum  aZeppicjum 
LeApedeza  capitata 

7-08:  Ds=.81,  HV=4.19 

StachyA  paZuAtAZA 
PoZygonum  punctatum 
ScZApuA  acutuA 

7-09:  Ds=.69,  HV=4.99 

ScZApuA  acutuA 
SagittaAia  6p. 

7-10:  Ds=.73,  HV*5 . 00 

SagittaAia  6p. 

Lemna  mincA 

7-11:  Ds=.66,  H V  =  5 . 0 0 

SagittaAia  6p. 

Lemna  minoA 

7-12:  Ds=.78,  HV=4.71 

ScigiZtaAZa  6p. 
SpaAganium  euAycaApum 

7-13:  Ds=.87,  HV=4.10 

ScZApuA  acutuA 
SaZix  6p. 

SpaAtina  pectinata 


bU 


7-14:  Ds=.79,  HV=3.56 

SpaAtina  pcctinata 
Sotidago  canadenAiA 

7-15:  Ds=.86,  HV=3.1S 

Popular  dcltoidcA 
Panicum  viAgatum 
Sotidago  canadenAiA 
Calamovilfa  Zongi^oZia 

7-16:  Ds  =  .91,  HV=  2.68 

HcZiantkuA  annuuA 
CaZamoviZ^a  Zongi^olia 
PoputuA  deltoids 
Andnopogon  kaZZii 

7- 17:  Ds=.87,  HV=2.44 

HcZiantkuA  annum 
Panicum  viAgatum 
CaZamoviZ^a  longifioZia 

Transect  8: 

Subtransect 

8- 01:  Ds=.80,  HV=2. 76 

Coacx  10 
A AtcA  CAicoidcA 

8-02:  Ds=.81,  HV=2.87 

Coacx  10 
AAtCA  CAicoidcA 

8-03:  Ds».86,  HV-2.90 

Panicum  viAgatum 
Coacx  10 

AmbAoAia  pAitoAtackya 
8-04:  Ds«.90,  HV=3.01 
Coacx  10 

AAtcmcAia  Zudovicia.no. 
SpaAtina  pectinate 
AmbAoAia  pAitoAtackya 

8-05:  Ds«.82,  HV-2.88 

CaAtx  10 

AntemcAia  Zudoviciana 
Sotidago  canadenAiA 


8-06:  Ds=.86,  HV=3.22 
Coacx  10 

A pocynum  AibiAicwm 
JuncuA  baZticuA 

8-07:  Ds=.87,  HV=3.35 

Coacx  10 

Apocynum  AibiAicum 
MuhZcnbeAgia  AacemoAa 

8-08:  Dg= . 86 ,  HV=3.83 

PoZygonum  punctatum 
CaAcx  10 
SciApuA  acutuA 

8-09:  Ds=.72,  HV=4.26 

PoZ.ygonum  punctatum 
SciApuA  acutuA 

8-10:  Ds=.70,  HV=4 . 73 

SciApuA  acutuA 
SagittaAia  Ap. 

8-11:  Ds=.63,  HV=  4.98 

SciApuA  acutuA 

8-12:  Ds=.63,  HV=4.94 

SciApuA  acutuA 

8-13:  Ds=.59,  HV=4.96 

SciApuA  acutuA 

8-14:  Ds*.67,  HV=4.92 

SciApuA  acutuA 

8-15:  Ds».57,  HV-4.95 

Typha  Zati&oZia 
SciApuA  acutuA 

8-16:  Ds=.80,  HV-4.1S 

SciApuA  acutuA 
PoZygonum  punctatum 


"  W 


8-17:  Ds=.85,  HV=3.77 

Polygonum  punctatum 
SclApuA  acutu-i 
VeAbena  uAtlcl^otia 

8-1  ■  Ds=.75,  HV=  3.48 

Poa  pAatznAlA 
SclApuA  acutuA 

8-19:  Ds=.80,  HV=3.32 

Poa  pAatenil-i 
S tacky  t>  patuitAti 
Satix  exlgua 

8-20 :  Ds=.77,  HV=2.98 

Poa  pAatzm-Li 
Panlcum  vlAgatum 

8-21:  Ds=.80,  HV=2.79 

Panlcum  vlAgatum 
Panicun i  otlgoianthzA 

8-22:  Ds=.84,  HV=2.59 

Panlcum  vlAgatum 
CalamovlXfia  longlfolla 
AAtzmej>la  ludovlclana 

8-23:  Ds=  .87,  HV=2.56 

Panlcum  vlAgatum 
HztlanthuA  annuuA 
Calamovll^a  longlfalla 

8-24:  Ds=.83,  HV=2.60 

Hz&lanthuA  annum 
Panlcum  vlAgatum 
CaZamovll^a  longlfalia 


( 


i 
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Appendix  D.  Subtransect  Data  for  Subirrigated  Meadows.  D  =Simpson 
Diversity  Index  and  HV=Hydric  Value.  Dominant  Species  Listed  Were 
Those  with  the  Highest  IV's  Where  the  Sum  was  Greater  Than  501  of 
all  IV's  Occurring  in  the  Subtransect. 


I.  Little  Hay  Valley  (June) 


4-08:  Ds=.89,  HV=3.07 


Transect  4: 

Subtransect 

4-01:  Ds= . 90 ,  H V =  2 . 2 7 

S-tipa  comata 
EnagnoAtiA  tnichodcA 
LathynuA  poZymon.ph.uA 
HelianthuA  tubenoAuA 


4-02:  Ds=.85,  HV=2.91 

Poa  pnatenAiA 
Canex  8 

I va  xanthi  folia 

4-03:  Ds=.86,  HV=2.S8 

Poa  pnatenAiA 
Stipa  comata 
Agnopynon  Amithii 

4-04:  Dg= . 89 ,  HV=2.60 

Poa  pnatenAiA 
Panicum  vingatum 
Stipa  comata 
A&tm  enicoidei 

4-05:  Ds=.90,  HV=2.86 

Achillea  millefolium 
Poa  pnatenAiA 
Agnopynon  Amithii 
Stipa  comata 

4-06:  Ds= . 83 ,  HV-3.41 

Canex  8 
Canex  3 

4-07:  Ds=.90,  HV-3.26 

i  Canex  8 

Phleum  pnatenAe 
Canex  1 
Canex  9 


Phleum  pnatenAe 
Tni folium  pnatenAe 
Poa  pnatenAiA 
EleochaniA  ip. 

4-09:  Ds=.85,  HV=3.15 

Canex  8 

Phleum  pnatenAe 

4-10:  Ds=.92,  HV=3.13 

A gnoAtiA  Atolonifena 
Calamovilfa  longifolia 
Achillea  millefolium 
Panicum  oligoAantheA 
EquiAetum  laevigatum 

4-11:  Ds= . 85 ,  HV=  2.61 

Panicum  vingatum 
LathynuA  polymonphuA 
AntemeAia  ludoviciana 

4-12:  Ds= . 90 ,  HV=2.83 

Panicum  vingatum 
Andnopogon  AcopaniuA 
HelianthuA  tubenoAuA 
AntemeAia  ludoviciana 

4-13:  Ds= . 89 ,  HV=2.42 

Panicum  vingatum 
AmbnoAia  pAiloAtachya 
AntemeAia  ludoviciana 
PAonalea  angophylla 

4-14:  Ds= . 89 ,  HV*2.14 

Stipa  comata 
EnagnoAtii  tnichodeA 
Koelenia  pynimidata 
LathynuA  polymonphuA 


Watts  Lake  (June) 

Transect  $: 

SuL ‘ ransect 

5'p1  :  Ds=.88,  HV=2.  34 

Stipa  comata 
Panicum  vingatum 
Koelc^nia  pytumida-ta. 

5-02:  Ds=.89,  HV=2.66 

Poa  pnatcnAiA 
Stipa  comata 
B.nomu-6  income 4 

5-03:  Ds= . 89 ,  HV=2.79 

Poa  pnatauiA 
BnomuA  incnmiA 
LathynuA  polymonphuA 

5-04:  Ds=.87,  HV=3.12 

Poa  pnatcnAiA 
TnUfiolUum  pnatcnAc 
Phlcum  pnatcnAc 

5-05:  Ds= . 8 7  ,  HV=3.57 

Calamag no i tiA  canadcnAiA 

Can ex  3 

Pea  pnatcnAiA 

5-0b:  Ds= . 88 ,  HV=3.67 

Ca.nex  aquatiltA 
Canex  3 

CalamagnoAtiA  canadcnAiA 

5-07:  Ds=.84,  HV=3.12 

Poa  pnatcnAiA 
Tnitfolium  pnatcnAe 
Phlcum  pnatcnAc 

5-08:  Ds* . 8 7 ,  HV=3.15 

Poa  pnatcnAiA 
TM-6olium  pnatcnAc 
Phlcum  pnatcnAc 


S-09:  Ds= . 91 ,  HV=2.69 

Panicum  vingatum 
A ntemeAia  ludovicUana 
Canex  2 
Poa  pnatcnAiA 

5-10:  Ds= . 90 ,  HV=  3.50 

Canex  aquatiliA 
Poa  pnatcmiA 
Canex  3 
PicachaniA  Ap. 

5-11:  Ds=.93,  HV=3.21 

Poa  pnatcnAiA 
Juncui  baltlcuA 
Canex  3 

Phlcum  pnatcnAc 
dclianthuA  tubenoAUA 

5-12:  Ds= . 90 ,  HV=2.80 

Panicum  vingatum 
Calamovilia  longi^otia 
JuncuA  balticuA 
PquiActum  laevigatum 

5-13:  Ds= . 89 ,  HV=2.74 

Panicum  vingatum 
PqulActum  laevigatum 

SXoi^ag^nigiZ^CAXlna 

5-14:  Dg= . 91 ,  KV=2. 15 

Stipa  comata 
LathynuA  polymonphuA 
Kcclenia.  pynimidata 
AntcmcAia  iudoviciana 
Calamovilfia  iongifalia 


CM 


III.  Watts  Lake  (August) 

Transect  9: 

Subtransect 

9-01:  Ds= . 89 ,  HV=2.68 

Silpkium  InlcgM^ollum 
Poa  compAeiia 
Pklcum  pAalcmc 
Calamovilfia  longl{,olla 

9-02:  Ds= . 93 ,  HV=2.88 

Panicum  viAgalum 
Silpkium  IntcgM^ollum 
BAomui  IneAmli 
AgAoitli  itolonlficAa 
AmbAoiia  pi  ilo  6  tacky  a 

9-05:  Ds= . 91 ,  HV=2.81 

Silpkium  IntcgMfiollum 
Poa  compAcaa 
Chenopodlum  album 
BAomui  IneAmli 
Panicum  viAgalum 
AMcmaia  ludovlclana 

9-04:  Ds= . 89 ,  HV=2.74 

AndAopogon  haUUl 
Elymui  canadcmli 
Pklcum  pAalcmc 
SpaMlna  pcctlnata 

9-05:  Ds=.80,  HV=3.29 

SpaAtlna  pcctlnata 
Silpkium  IntcgMiolium 

9-06:  Ds=.86,  HV=3.41 

SpaMlna  pcctlnata 
CalamagAoitli  itMcla 
Coacx  aquatllii 

9-07:  Ds*  .  79  ,  HV*=3.30 

CalamagAoitli  itMcla 

Coacx  10 

Poa  c ompAdia 


9-08 


9-09 


9-10: 


9-11  : 


9-12: 


9-13: 


9-14: 


9-15: 


9-16: 


D$=.84,  HV=  3.57 

CalamagAoitli  itMcla 
SpaMlna  pcctlnata 

Ds= . 8  7,  HV=  3.25 

CalamagAoitli  itMcla 
SpaMlna  pcctlnata 
Poa  c ompAcaa 

Ds= . 87 ,  HV=  2.82 

SpaMlna  pccllnata 
Calamovilfia  longl^olla 
AndAopogon  kaUUl 

Ds=.88,  HV=2 . 87 

AndAopogon  kallil 
SpaMlna  pcctlnata 
Pklcum  pAalcmc 
Poa  c .ompAcaa 

Ds= . 89 ,  HV=  2.47 

Panicum  viAgalum 
AmbAoiia  piiloitachya 
AMemcila  ludoviclana 

Ds= . 82 ,  HV=3 . 36 

CalamagAoitli  itMcla 
Coacx  aquatllii 
Poa  compAdia 

Dg= . 89 ,  HV=2 . 97 

SpaMlna  pccllnata 
AmbAoiia  piiloitachya 
PatUcum  viAgalum 
Phi  cum  pAatcme 

Ds=  .  88 ,  HV=  2.50 

Panicum  viAgalum 
Calxmovilia  longi^olia 
AndAopogon  icopaMui 
AmbAoiia  piiloitachya 

Ds“.85,  HV  =  2 . 57 

Panicum  viAgalum 
Calamovil^a  longifiolia 
AndAopogon  icopaAlui 


9-17:  Ds= . 81 ,  HV=2 . 45 

Calamov^a  tongifatla 
Sotidago  fUglda 
AndAopcgon  haltu. 

9-1  Ds=  .  84  ,  HVs 2 . 63 

SiZpkiw  inte.g'UAoLLm 
Panicum  vifigatum 
Anttx\<Lt>ia.  (.udovicAjina. 


END 
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